Abstract Purpose: This study was performed to evaluate whether a lower dose (0.2 mg) of cetrorelix would prevent premature LH surge in patients undergoing controlled ovarian hyperstimulation. Methods: Controlled ovarian hyperstimulation was carried out in 45 patients, starting on menstrual cycle day 3 with recombinant FSH (r-FSH), and a cetrorelix of 0.2 mg was administered from day 5 evening of ovarian stimulation until the day before hCG injection.
Introduction
One of the main causes of the relatively low efficacy of ovarian stimulation agents is the onset of premature luteinizing hormone (LH) surge. The ability of gonadotropin releasing hormone (GnRH) antagonists to induce a rapid, reversible suppression of gonadotropin release by competitive blockage of the GnRH receptors, preventing LH surges in in vitro fertilization (IVF) cycles has been previous reported [1] [2] [3] . The use of cetrorelix acetate, a type of GnRH antagonists, in multiple daily injection to prevent LH surge during controlled ovarian hyperstimulation, was proposed by Diedrich et al. [1] . In order to determine the minimal effective dose, Albano et al. have compared daily doses of 0.5, 0.25 and 0.1 mg of cetrorelix in women undergoing IVF. Dosages of both 0.5 and 0.25 mg were able to prevent LH surges while premature LH surges were observed in two out of seven patients at 0.1 mg [2] . Therefore, a minimum effective daily dose of 0.25 mg citrorelix was recommended for clinical use. An incidence of premature luteinization of 0.9% was observed in a phase III clinical trial [3] .
In most controlled studies using GnRH antagonist, there is a trend to find slightly but statistically significant lower pregnancy rates as compared with GnRH agonist protocol [4] . This difference may be related to the deleterious effect of GnRH antagonist on the endometrium, resulting in a lower rate of embryo implantation [5] . Increasing GnRH antagonist dosage is associated with lower implantation rates and a reduction in ongoing pregnancies [6] . Thus, based on the concept of preventing the premature LH surge with less possible harmful effects on reproductive outcome, the minimum dose of GnRH antagonist should be determined through further investigation. A daily dose 0.2 mg cetrorelix (between 0.1 and 0.25 mg) was chosen for the present study and the efficacy of preventing premature LH surge during controlled ovarian stimulation was assessed.
Materials and methods
This non-randomized, observational study investigated the efficacy of 0.2 mg multiple-dose cetrorelix acetate (Cetrotide, Serono, Geneva, Switzerland) for prevention of premature LH surge in IVF cycles. After approval had been obtained from the Ethics Committee of Shin Kong Wu Ho-Su Memorial Hospital, 45 women aged 22-37 years (32.3 ± 3.9, mean ± SD) were enrolled. Mean body weight was 55.4 ± 7.2 kg, and mean body mass index (BMI) was 21.8 ± 2.7 kg/m 2 . Baseline FSH level was 6.76 ± 1.64 mIU/ml. The causes of infertility were endometriosis (n = 8, 17.8%), male factor (n = 15, 33.3%), tubal factor (n = 12, n = 26.7%) and unexplained infertility (n = 10, 22.2%). The exclusion criteria included age >38 year, day 3 FSH level >15 mIU/ml, BMI >28 kg/m 2 , irregular menstrual cycle and more than three previous IVF attempts. All couples were required to sign informed consents.
After ultrasonographic exclusion of ovarian cyst greater than 12 mm, controlled ovarian hyperstimulation was started on cycle day 3 (6:00-8:00 p.m.) with recombinant-FSH (Gona-F, Serono, Geneva, Switzerland) 225 IU/day for 4 days with the dosage then adjusted according to the follicular response. Ultrasound monitoring was started on the morning of day 5 ovarian stimulation and then every 1-3 days as necessary. Cetrorelix (Cetrotide, Serono, Geneva, Switzerland) was injected subcutaneously once daily in doses of 0.2 mg, from the evening of day 5 ovarian stimulation until the day before hCG (Pregnyl, NY Organon, The Netherlands) administration. The 3 mg package of cetrorelix acetate was dissolved in 3 ml of injection-grade water to a final concentration of 1 mg/ml. HCG (10000 IU) was injected until at least two follicles had reached 18 mm with appropriate serum estradiol (E 2 ) levels. Oocyte retrieval was performed 36 h after hCG administration and then IVF or intracytoplasmic sperm injection (ICSI) performed. Embryo transfer was conducted on day 2 or 3. The luteal phase was supported by 600 mg of vaginally administered micronized progesterone (Utrogestan, Piette International S.A., Brussel, Belgium). A premature LH surge is defined as LH level ≥ 10 mIU/ml with progesterone elevation ≥ 1.0 ng/ml.
Concentrations of LH, estradiol (E 2 ) and progesterone (P 4 ) were measured on the morning of day 5 of gonadotropin stimulation until the day of hCG administration. Serum LH levels were measured via immunometric assay using an Immulite kit (Diagnostic Products Corporation, Los Angeles, CA, USA), the sensitivity for LH was 0.1 mIU/ml. The intra-and inter-assay coefficients of variation (CV) were 6.5 and 7.1%, respectively. Estradiol and progesterone were measured by competitive immunoassay using an Immulite kit with intra-and inter-assay CVs of 6.3 and 6.4% for estradiol and 6.3 and 5.8% for progesterone respectively. Sensitivity was 15 pg/ml for estradiol and 0.2 ng/ml for progesterone.
Values are expressed as the mean ± standard deviation (SD). Paired t-test was used for the statistical analysis where appropriate. A P value < 0.05 was considered statistically significant. Analysis was performed using the SPSS statistical package Windows (Ver. 10.0; SPSS Inc., Chicago, IL, USA).
Results
All patients underwent oocyte retrieval and embryo transfer (n = 45). There was a statistically significant decrease in serum LH level one day after the first cetrorelix acetate injection and on the day of hCG administration (Table 1) . It was noted that a daily injection of 0.2 mg cetrorelix, starting from day 5 evening of gonadotropin stimulation, effectively suppressed the LH surge till hCG administration in all patients (Fig. 1) . Serum LH concentration were constantly low (Fig. 2) . Table 2 shows the data of the clinical results, including the period of cetrorelix injection, amount of gonadotropin used, number of oocytes retrieved, fertilization rate, and clinical and ongoing pregnancy rates. There were 18 clinical pregnancies (40%) with one mother experiencing intrauterine fetal death before 12 weeks' gestation.
Discussion
Recently studies have shown that GnRH antagonists prevent LH rise during ovarian stimulation for IVF [1, 2] , with clinical efficacy confirmed in a large multicenter phase III clinical trial [3] . However, decreases in pregnancy rate have been reported in GnRH antagonist-stimulated cycles in comparison to GnRH agonist long protocols [4] . Further, it has been suggested that an adverse effect of GnRH antagonists might occur on either oocyte quality, embryo development or the endometrium [5] . It has been demonstrated that implantation and fertilization rates are inversely associated with the GnRH antagonist dose used [6, 7] , indicating that the higher dose of GnRH antagonist results in poor embryo and oocyte quality. In vitro, the murine preimplantation embryonic development can be blocked completely by increasing the concentration of the GnRH antagonist [8] , suggesting that the implantaton is influenced by the dosage of GnRH antagonist. However, conflicting reports suggest that the GnRH antagonist has no direct negative effect on the quality of the oocytes and embryos [9, 10] . Comparisons of cryopreservation of pronucleate zygotes after cycles of GnRH antagonist and GnRH agonist long protocol reveal that cetrorelix acetate has no detrimental effect on the outcome of subsequent freeze-thaw cycles [9] . Kol et al. [10] also reported that the ongoing pregnancy rate in cryopreservation cycles appeared to be good and unrelated to the dose of GnRH antagonist. The pregnancy rate in IVF is not only influenced by the quality of oocytes and embryos but also by the endometrial environment when the embryos are transferred. The human endometrial GnRH receptors have recently been identified [11] and a direct effect on the endometrium with relatively high doses of GnRH antagonist cannot be excluded. However, Engel et al. [12] suggest that neither granulose cell capacity nor endometrial receptivity seem to be affected by cetrorelix.
Although the effect of GnRH antagonists on the oocytes, embryos and endometrium remained controversial, the lower dose of GnRH antagonists to inhibit LH surge would do no harm to the outcome of pregnancies in IVF cycles. The present study demonstrated that a daily dose of 0.2 mg cetrorelix acetate was effective to suppress LH concentrations and prevention of premature LH surge. To the best of our knowledge, this is the lowest dose used successfully.
Daily antagonist administration was initially performed according to a fixed scheme, starting after 5 days evening or 6 days morning of ovarian stimulation with exogenous gonadotropins. Prior to that period, LH rise is thought to be unlikely. Because cetrorelix injection is not necessary on the day of hCG injection in this study, the total duration of cetrorelix treatment in this study is similar to that used in previous trial, which cetrorelix injection commenced on day 6 (5.2 vs. 5.7 days) [13] . In the present study, the lower dose of cetrorelix acetate (0.2 mg) starting on day 5 evening of stimulation before the day of hCG also could reduce total antagonist dosage. On the other hand, flexible multiple dose antagonist regimen, initiated according to the follicular size, could result in less amount of gonadotropin and reduced GnRH antagonist dosage [14] . Whether this lower dosage of cetrorelix acetate could be utilized in a flexible multiple dose protocol to further decrease the antagonist dosage may warrant further study.
Because previous studies on GnRH antagonist daily administration were performed mostly on Caucasians, it cannot be rule out that our results could be due to racial differences. Hwang et al. [15] demonstrated that a single dose of 2.5 mg cetrorelix was effective for prevention of LH surge in IVF cycles for Taiwanese women using clomid in combination with gonadotropin while this study also showed that daily injection of 0.2 mg cetrorelix is enough to prevent LH surge in Asian women. The ganirelix dosage has to be adjusted according to the patient's body weight in controlled ovarian stimulation [16] . For cetrorelix-controlled IVF cycles, no body weight adjustment is necessary [17] . Therefore, the lower dosage of cetrorelix acetate may also be effective to prevent LH surge in Caucasians.
In conclusion, our results show that premature LH surge can be prevented effectively with a daily cetrorelix acetate dose of 0.2 mg over 5 days (total 1.0 mg). Further, the treatment is cost effective because a package of 3 mg cetrorelix acetate can be used for two to three IVF cycles. In addition, this lower dose of cetrorelix acetate may reduce the potentially deleterious effect on IVF pregnancy rate. However, large prospective randomized controlled studies are necessary to compare this protocol with the traditional daily dose of 0.25 mg cetrorelix with regards to character of controlled ovarian stimulation and pregnancy outcome.
